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1
NACELLE FOR GAS TURBINE ENGINE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This specification 1s based upon and claims the benefit of
priority from United Kingdom patent application number
GB 2007010.8 filed on May 13, 2020, the entire contents of

which 1s incorporated herein by reference.

BACKGROUND

Technical Field of the Disclosure

The present disclosure relates to a nacelle and 1n particu-
lar to a nacelle for a gas turbine engine.

Description of the Related Art

A gas turbine engine typically includes a fan housed
within a nacelle. Current gas turbine engines generally have
a low specific thrust to keep noise at acceptable levels and
to achieve low fuel consumption, because a low specific
thrust helps to improve specific fuel consumption (SFC).
This low specific thrust 1s usually achieved with a high
bypass ratio. Therefore, as the specific thrust reduces, there
1s a concomitant increase in fan diameter. In order to
accommodate a larger diameter fan, dimensions of the
nacelle may have to be increased proportionally, thereby
increasing size of engines. This typically results 1n a nacelle
having increased drag and mass. Increase 1n drag and mass
of the nacelle may both result 1n an increase 1n fuel con-
sumption.

For large podded engines, there 1s a need to reduce the
overall nacelle length so that there may be a minimum
increase 1n nacelle drag and mass. This reduction 1n nacelle
length may result in short intakes relative to conventional
designs. However, no viable design parameters exist for
short intakes. Conventional design methodologies may only
be suitable for conventional long nacelles and not applicable
to nacelles with short intakes.

SUMMARY OF THE DISCLOSURE

According to a first aspect, there 1s provided a nacelle for
a gas turbine engine having a longitudinal centre line. The
nacelle includes an air intake positioned at an upstream end
of the nacelle. The air intake includes, 1n flow series, an
intake lip, a throat and a diffuser. The diffuser includes a
diffuser angle (8, ) indicating a degree of divergence of the
diffuser relative to the longitudinal centre line. The diffuser
angle (04, ranges from about 0.1 degrees to about 12
degrees.

In some embodiments, the intake lip includes a highlight
at a leading edge of the nacelle. The highlight includes a
highlight radius (R,,). The throat includes a throat radius
(R,,). Further, a contraction ratio (CR) 1s disclosed as the
square of a ratio (R, /R, )* between the highlight radius (R, )
and the throat radius (R, ). The contraction ratio (CR) ranges
from about 1.15 to about 1.28.

In some embodiments, the air intake includes an intake
length (L, ) defined axially along the longitudinal centre
line between the leading edge of the nacelle and a down-
stream end of the diffuser. A ratio (L, /R;.) between the
intake length (Lint) and the highlight radius (R, ) 1s about
0.7.
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In some embodiments, the intake lip further includes a lip
length (L, ) between the leading edge of the nacelle and the
throat. An aspect ratio (AR) 1s disclosed as a ratio (R, .-
R, )L,;,)) of a difference between the highlight (R,,;) radius
and the throat radius (R, ) and the lip length (L, ). The

aspect ratio (AR) ranges from about 2 to about 3.

In some embodiments, the highlight includes a crown and
a keel spaced circumierentially apart by about 180 degrees
relative to the longitudinal centre line.

In some embodiments, a scart line 1s defined as a straight
line between the crown and the keel. The highlight radius 1s
defined as a distance between a midpoint of the scart line
and one of the crown and the keel measured along the scarf
line.

In some embodiments, the throat radius 1s defined as a
distance between the midpoint of the scart line and the throat
measured along the scarf line.

In some embodiments, the intake length 1s defined as an
axial distance between the midpoint of the scarf line and the
downstream end of the diffuser.

In an embodiment, the lip length 1s defined as an axial
distance between the keel and the throat.

In some embodiments, a diffuser line 1s defined between
the throat and the downstream end of the diffuser. In some
embodiments, the diffuser angle (8 ,) 1s disclosed as an
angle between the diffuser line and the longitudinal centre
line.

In some embodiments, the mtake lip further includes an
outer surface and an mner surface. The highlight forms an
annular boundary between the outer surface and the inner
surface.

In some embodiments, the diffuser angle (6 ) 1s greater
than 7 degrees.

The contraction ratio CR, the aspect ratio AR, and the
diffuser angle 0, may be viable design parameters for a
nacelle having a shorter air intake as compared to conven-
tional nacelles. Optimization of such design parameters may
result 1n a short intake design of the nacelle with optimal
acrodynamic performance.

Further, the contraction ratio CR, the aspect ratio AR and
the diffuser angle 0 . of the nacelle may be optimized for
controlling various parameters, such as peak Mach number,
shock strength, boundary layer growth, and local flow
accelerations and decelerations. An eflect of a fan on Mach

number and flow diffusion may also be considered while
optimizing the alorementioned design parameters of the
nacelle.

The nacelle with the short air intake design may be
suitable for use as an underwing-podded nacelle of an
aircraft.

According to a second aspect, there 1s provided a gas
turbine engine for an aircraft. The gas turbine engine
includes the nacelle of the first aspect.

In some embodiments, the gas turbine engine further
includes a fan received in the nacelle.

In some embodiments, the gas turbine further includes an
engine core received within the nacelle.

As noted elsewhere herein, the present disclosure may
relate to a gas turbine engine. Such a gas turbine engine may
comprise an engine core comprising a turbine, a combustor,
a compressor, and a core shalt connecting the turbine to the
compressor. Such a gas turbine engine may comprise a fan
(having fan blades) located upstream of the engine core.

According to an aspect, there i1s provided an aircraft
comprising a gas turbine engine as described and/or claimed

fip
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herein. The aircraft according to this aspect 1s the aircratt for
which the gas turbine engine has been designed to be
attached.

According to an aspect, there 1s provided a method of
operating a gas turbine engine as described and/or claimed
herein.

According to an aspect, there 1s provided a method of
operating an aircrait comprising a gas turbine engine as
described and/or claimed herein.

The skilled person will appreciate that except where
mutually exclusive, a feature or parameter described in
relation to any one of the above aspects may be applied to
any other aspect. Furthermore, except where mutually exclu-
sive, any leature or parameter described herein may be
applied to any aspect and/or combined with any other
teature or parameter described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will now be described by way of example
only, with reference to the Figures, 1n which:

FIG. 1 1s a sectional side view of a gas turbine engine;

FIG. 2 1s a schematic sectional side view of a nacelle of
the gas turbine engine;

FIG. 3 1s a front view of the nacelle of FIG. 2; and

FIG. 4 1s a partial sectional side view of a nacelle with a
fan.

DETAILED DESCRIPTION OF TH.
DISCLOSURE

(L]

Aspects and embodiments of the present disclosure waill
now be discussed with reference to the accompanying
figures. Further aspects and embodiments will be apparent to
those skilled 1n the art.

FIG. 1 shows a ducted fan gas turbine engine 10 having
a principal rotational axis X-X'. The principal rotational axis
X-X' coincides with a longitudinal centre line 31 of the gas
turbine engine 10.

In the following disclosure, the following definitions are
adopted. The terms “upstream” and “downstream” are con-
sidered to be relative to an air flow through the gas turbine
engine 10. The terms “axial” and “axially” are considered to
relate to the direction of the principal rotational axis X-X' of
the gas turbine engine 10.

The gas turbine engine 10 1includes, 1n axial flow series, an
air intake 11, a propulsive fan 12, an intermediate pressure
compressor 13, a high pressure compressor 14, combustion
equipment 15, a high pressure turbine 16, an intermediate
pressure turbine 17, a low pressure turbine 18 and a core
exhaust nozzle 19. A nacelle 21 generally surrounds the gas
turbine engine 10 and defines the air intake 11, a bypass duct
22 and a bypass exhaust nozzle 23.

During operation, air entering the air intake 11 1s accel-
crated by the fan 12 to produce two air flows: a first air tlow
AF 1nto the intermediate pressure compressor 13 and a
second air flow BF which passes through the bypass duct 22
to provide propulsive thrust. The intermediate pressure
compressor 13 compresses the first air flow AF directed into
it before delivering that air to the high pressure compressor
14 where further compression takes place.

The compressed air exhausted from the high pressure
compressor 14 1s directed into the combustion equipment 135
where 1t 1s mixed with fuel and the mixture 1s combusted.
The resultant hot combustion products then expand through,
and thereby drive the high, intermediate and low pressure
turbines 16, 17, 18 before being exhausted through the core
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4

exhaust nozzle 19 to provide additional propulsive thrust.
The high, intermediate and low pressure turbines 16, 17, 18
respectively drive the high and intermediate pressure com-
pressors 14, 13 and the fan 12 by suitable interconnecting
shaits.

In some embodiments, the gas turbine engine 10 1s used
in an aircrait. In some embodiments, the gas turbine engine
10 15 an ultra-high bypass ratio engine (UHBPR).

The nacelle 21 further includes an intake lip 31 disposed
at an upstream end 32 of the nacelle 21, a fan casing 33
downstream of the intake lip 31, a diffuser 34 disposed
between the upstream end 32 and the fan casing 33, and an
engine casing 35 downstream of the intake lip 31. The fan
12 1s received within the fan casing 33. The fan 12 and the
fan casing 33 are received within the nacelle 21. An engine
core 36 of the gas turbine engine 10 including the interme-
diate pressure compressor 13, the high pressure compressor
14, the combustion equipment 15, the high pressure turbine
16, the intermediate pressure turbine 17, the low pressure
turbine 18 and the core exhaust nozzle 19 1s received within
the nacelle 21. Specifically, the engine core 36 1s recerved
within the engine casing 35. The nacelle 21 further includes
an exhaust 37 disposed at a downstream end 38 of the
nacelle 21. The exhaust 37 may be a part of the engine
casing 35. The exhaust 37 may at least partly define the core
exhaust nozzle 19.

The nacelle 21 for the gas turbine engine 10 may be
typically designed by manipulating a plurality of design
variables. The selection of the design variables may be
dependent on a cruise Mach speed of an aircraft the nacelle
21 1s attached to, as well as considerations for integration of
engine ancillaries, such as a thrust reversal unit (TRU).
Optimisation of these variables may be required to minimise
the cruise drag imncurred due to size and design of the nacelle
21.

FIG. 2 1llustrates a nacelle 100 for the gas turbine engine
10 (shown 1n FIG. 1) having the longitudinal centre line 51
in accordance with an embodiment of the present disclosure.
The nacelle 100 may be formed using any suitable materal.
for example, the nacelle 100 may formed as a metal forging,
with the metal being selected from the group comprising
steel, titanium, aluminium and alloys thereof. Optionally, the
nacelle 100 may be formed from a fibre reinforced compos-
ite material, with the composite fibre being selected from the
group comprising glass, carbon, boron, aramid and combi-
nations thereof. An advantage of using a fibre reinforced
composite material to form the nacelle 100 1s that 1ts weight
may be reduced over a nacelle formed from a metallic
material.

As shown in FIG. 1, the longitudinal centre line 51
coincides with the principal rotational axis X-X' of the gas
turbine engine 10. The nacelle 100 further includes a refer-
ence line 102 perpendicular to the longitudinal centre line
51. The longitudinal centre line 51 1s also 1llustrated in FIG.
2.

Retferring to FIG. 2, the nacelle 100 generally has a
tubular structure including an upstream end 104 and a
downstream end 106 opposite to the upstream end 104. The
nacelle 100 according to the present disclosure 1s illustrated
using solid lines. A portion of a conventional nacelle 500 1s
illustrated by dashed lines. The nacelle 100 may have a short
nacelle design as compared to the conventional nacelle 500.
The conventional nacelle 500 1s provided for the purpose of
illustration and for comparison with the nacelle 100 of the
present disclosure.

The nacelle 100 1includes an air intake 107 disposed at the
upstream end 104 of the nacelle 100. As shown 1n FIG. 2, the
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air intake 107 of the nacelle 100 has an intake length L, . that
of an air intake of the

1s less than a long intake length I__

conventional nacelle 500. In other words, the air intake 107
conforming to the short nacelle design may be shorter 1n
length as compared to the air intake of the conventional

nacelle 500.

The air intake 107 of the nacelle 100 includes, 1n flow
series, an intake lip 108, a throat 110 and a diffuser 112. The
intake lip 108 1s disposed at the upstream end 104 of the
nacelle 100. The throat 110 1s positioned adjacent to the
intake lip 108 in the direction of air flow along the longi-
tudinal centre line 51. The throat 110 may be disposed at an
interface between the intake lip 108 and the diffuser 112. The
nacelle 100 further includes a fan section 114 which accom-

modates a fan 12 (shown in FIG. 1). The fan section 114
turther includes a fan hub 115. Fan blades 502 (shown 1n
FIG. 4) extend radially outwardly from the fan hub 1135 to
respective blade tips 504. The fan section 114 1s disposed
downstream of and adjacent to the diffuser 112. The diffuser
112 1s disposed between the upstream end 104 and the fan
section 114. The diffuser 112 further defines a downstream
end 122 of the diffuser 112 at the interface with the fan
section 114. The nacelle 100 further includes an engine
casing 116 disposed downstream of the fan section 114. The
engine core 36 (shown 1n FIG. 1) 1s received within the
engme casing 116. The engine casing 116 surrounds the
engine core 36 (shown in FIG. 1). The nacelle 100 further
incudes an exhaust 118 disposed at the downstream end 106
of the nacelle 100. In some embodiments, the nacelle 100
may be used 1n the gas turbine engine 10 (shown 1n FIG. 1)
in an aircrait.

The nacelle 100 1s generally terminated by the exhaust
118 whose outlet 15 located downstream of the engine casing
116. The exhaust 118 may exhaust the resultant hot com-
bustion products from the combustion equipment 15 of the
gas turbine engine 10 (shown in FIG. 1). The nacelle 100
may include a cowling disposed proximal to the downstream
end 106. The cowling may be able to accommodate ancil-
laries, such as a TRU. The TRU may be any type, for
example, target type, clam-shell type or cold stream type.
The nacelle 100 further includes a bypass nozzle 120
disposed proximal to the downstream end 106. The bypass
nozzle 120 may exhaust the bypass atr.

The intake lip 108, the throat 110 and the diffuser 112
forms the air intake 107 to supply air to the fan 12 (shown
in FIG. 1) of the gas turbine engine 10 during operation of
the gas turbine engine 10. The air intake 107 may be further
required to absorb noise generated by the gas turbine engine
10. The diffuser 112 may be sized and configured for
reducing velocity of the airflow while increasing its static
pressure.

The intake lip 108 includes a crown 202 and a keel 204.
The intake lip 108 includes a top portion and a bottom
portion defining the crown 202 and the keel 204, respec-
tively. The crown 202 includes a crown leading edge 206 at
an extreme upstream edge of the crown 202. Similarly, the
keel 204 includes a keel leading edge 208 at an extreme
upstream end of the keel 204. The crown 202 and the keel
204 are spaced circumierentially apart by about 180 degrees
relative to the longitudinal centre line 51. In the illustrated
embodiment of FIG. 2, the crown leading edge 206 1s axially
torward of the keel leading edge 208 relative to the longi-
tudinal centre line 51. However, 1n alternative embodiments,
the keel leading edge 208 may be axially forward of the

crown leading edge 206 relative to the longitudinal centre
line 51.
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The intake lip 108 further includes an outer surface 210,
an mnner surface 212 and a highlight 214 (shown by a dashed
line) forming an annular boundary between the outer surface
210 and the inner surface 212. The outer surface 210 may
also correspond to an outer surface of the nacelle 100. The

iner surface 212 may also correspond to an inner surface of

the nacelle 100. The throat 110 and the diffuser 112 are
defined by the inner surface 212 of the nacelle 100.
The highlight 214 may define a leading edge 217 of the

nacelle 100. The leading edge 217 may be a continuous edge
of the nacelle 100 disposed at the upstream end 104. The
leading edge 217 may be an annular leading edge having a

circumierential extent of 360 degrees around the longitudi-
nal centre line 51. Therefore, the highlight 214 may also
annular as the highlight 214 corresponds to the leading edge
217 of the nacelle 100. The highlight 214 includes the crown
leading edge 206 and the keel leading edge 208. The
highlight 214 may define a highlight radius R, ; of the nacelle
100. The mnner surface 212 and the outer surtace 210 may
define a radius of curvature of the mtake lip 108. In some
embodiments, the nacelle 100 may include one or more
acoustic liners (not shown) provided on the inner surface
212 of the intake lip 108. The intake lip 108 further includes
a lip length L, , between the leading edge 217 of the nacelle
100 and the throat 110. In other words, the lip length L
defined between the highlight 214 and the throat 110.

The throat 110 extends radially by a throat radius R, with
respect to the longitudinal centre line 51. The fan section 114
extends radially by a fan radius R, with respect to the
longitudinal centre line 51.

The air intake 107 extends axially by the intake length L,
with respect 1o the longitudinal centre line 351. The fan
section 116 1s disposed downstream of the intake lip 108.
The fan section 116 1includes a fan section leading edge 216.
The fan section leading edge 216 may be an upstream edge
of the fan section 116 facing the intake lip 108. The fan
section leading edge 216 may extend radially from the fan
hub 115 towards the mnner surface 212 of the nacelle 100.
The fan section leading edge 216 and the downstream end
122 of the diffuser 112 may be at generally the same axial
location relative to the longitudinal centre line 51. The
downstream end 122 may be formed at a point of intersec-
tion between the fan section leading edge 216 and the
diffuser 122. The ntake length L, . 1s defined between the
leading edge 217 of the nacelle 100 and the downstream end
122 of the diffuser 112. In other words, the intake length L, .
1s defined between the highlight 214 and the downstream
end 122 of the diffuser 112. The intake length L., A may be
defined along the longitudinal centre line 51.

The crown leading edge 206 and the keel leading edge
208 define a scart line 302 therebetween. Specifically, the
scarl line 302 1s a straight line that joins the crown leading

edge 206 and the keel leading edge 208. The scart line 302
forms a scarf angle O,_,, - relative to the reference line 102

perpendicular to the longltudinal centre line 51. The scart
angle 0,_,, -1s indicative of an axial offset between the crown
leading edge 206 and the keel leading edge 208 relative to
the longitudinal centre line 51. A positive value of the scarf
angle 0, _,,-may correspond to the crown leading edge 206
being ax1ally forward of the keel leading edge 208. On the
other hand, a negative value of the scart angle 6, _, - may
correspond to the keel leading edge 208 being axmlly
forward of the crown leading edge 206.

Some advantages of scarfling may include noise reduction,
improved foreign object damage resistance, and improved

keel high incidence angle of attack performance.
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The scart line 302 further defines a midpoint 303 between
the crown leading edge 206 and the keel leading edge 208.

The highlight radius R, may be defined as the radius of the

highlight 214 measured along the scarf line 302. In some
embodiments, the highlight radius R, 1s defined as a dis-
tance between midpoint 303 of the scarf line 302 and one of
the crown 202 and the keel 204 measured along the scarf line
302. Specifically, the highlight radius R, . 1s measured along
the scarf line 302 between the midpoint 303 and the crown
leading edge 206 or the keel leading edge 208.

The throat radius R,, may be defined as the radius of the
throat 110 measured along the scarf line 302. In some
embodiments, the throat radius R, 1s defined as the distance
between the throat 110 and the midpoint 303 measured along,
the scarf line 302. The throat radius R, 1s less than the
highlight radius R, .. The nacelle 100 extends radially by a
maximum radius R . The maximum radius R____1s defined

rax” FRLaX

by the outer surface 210 of the nacelle 100 at the fan section

114.
In some embodiments, the intake

intake 107 1s defined as an axial distance between the
midpoint 303 of the scarf line 302 and the downstream end
122 of the diffuser 112. Specifically, the intake length L, 1s

measured along the longitudinal centre line 51 between the
midpoint 303 of the scarf line 302 and the downstream end
122 of the diffuser 112. As shown in FIG. 2, the intake length
L. . of the air intake 107 of the nacelle 100 1s less than the

Iril
long intake length L., of the conventional nacelle 500.

The nacelle 100 may also be optionally drooped. In such
cases, a droop angle (not shown) may be defined between a
normal to the fan section leading edge 216 and the longi-
tudinal centre line 51. Some advantages of drooping may
include improved low speed high incidence angle of attack
performance.

Referring to FIG. 3, a front view of the nacelle 100 1s
illustrated. The nacelle 100 defines a radial direction r and an
azimuthal angle ¢. The radial direction r 1s shown 1n a
radially imnner direction. Further, the azimuthal angle @ 1s
shown 1n a clockwise direction. the azimuthal angle @
denotes a circumierential direction about the longitudinal
centre line 51. The nacelle 100 further defines three mutually
orthogonal axes x, v and z. The x-axis 1s generally parallel
to the longitudinal centre line 51. The y-axis 1s defined along
a generally horizontal direction, while the z-axis 1s defined
along a generally vertical direction.

The throat 110 defines the throat radius R,,. The throat
radius R, 1s defined at the mner surface 212 of the nacelle
100. The highlight 214 defines the highlight radius R, . The
maximum radius R 1s also shown i FIG. 3. The maxi-
mum radius R 1s defined at the outer surface 210 of the
nacelle 100. The nacelle 100 further defines axial lines at
different values of the azimuthal angle ¢. For example, the
nacelle 100 defines a top line 402 at ¢=0 degree, a side line
404 at =90 degree, a control line 406 at =135 degrees and
a bottom line 408 at (=180 degrees. The different axial lines
may be used to define the air intake 107. The throat radius
R, the highlight radius R, and the maximum radius R
vary azimuthally. Specifically, the throat radius R, the
highlight radius R, , and the maximum radius R may be a
function of the azimuthal angle ¢. The nacelle 100 may have
an axial plane of symmetry oriented along =0 degree and
¢=180 degrees.

A point of intersection of the highlight 214 with the top
line 402 denotes the crown leading edge 206 of the nacelle
400. Similarly, a point of mtersection of the highlight 214

with the bottom line 402 denotes the keel leading edge 208

length L, . of the air
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of the nacelle 100. The intake lip 108 1s at least partly
defined between the highlight 214 and the throat 110.

FIG. 4 illustrates a sectional side view of a portion of the
nacelle 100. A portion of a top half of the nacelle 100 1s
shown. The nacelle 100 includes the air intake 107 with the
scarl angle E’l_gmr In the 1llustrated embodiment, the scarf
angle 0,_, -1s positive, 1.e., the crown leading edge 206 1s
axially ferward of the keel leading edge 208. A point A on
the nacelle 100 1s a point of 1intersection of the scart line 302
with the highlight 214. The point A denotes the crown
leading edge 206.

A pomt B 1s disposed downstream of the point A. The
point B denotes the throat 110 of the nacelle 100. A point C
1s disposed downstream of the point B. The point C denotes
the downstream end 122 of the diffuser 112. A line connect-
ing the point B to the point C 1s defined as a diffuser line 306.
Therefore, the diffuser line 306 1s defined between the throat
110 and the downstream end 122 of the diffuser 112. A point
D 1s a point of intersection of a leading edge 506 with the fan
blade 502 and the fan hub 115. The point D denotes a fan hub
leading edge. The points C and D are at equal axial positions
with respect to the longitudinal centre line 51. In other
words, the point C 1s the point on the air intake 107 that 1s
at an equal axial position as the point D (1.e., the fan hub
leading edge).

A line 308 generally parallel to the longitudinal centre line
51 passes threugh the pomnt B. A diffuser angle 6 . of the
diffuser 112 1s formed between the diffuser line 306 and the
line 308. Specifically, the diffuser angle 0, ~1s defined as an
angle between the diffuser line 306 and the longitudinal
centre line 51. Therefore, the diffuser angle 6, . may be
indicative of an inclination of the diffuser 112 with respect
to the longitudinal centre line 51. In other words, the difluser
angle 0. 1s indicative of a degree of divergence of the
diffuser 112 relative to the longitudinal centre line 51.

Some of the advantages of diffusing may include local
flow acceleration and radiation of sounds in a reduced
manner in or adjacent to a local area.

Various design parameters may be defined for the nacelle
100 having the short nacelle design. Optimization of such
design parameters may result in a short intake design of the
nacelle 100 with optimal aerodynamic performance. The
design parameters include, but not limited to, a contraction
ratio CR, an aspect ratio AR, and the diffuser angle 0,

In some embodiments, the diffuser angle 0. 1s from
about 0.1 degrees to about 12 degrees In some other
embodiments, the diffuser angle 6, . 1s greater than 7
degrees. Referrmg to FIGS. 1 to 4, the diffuser angle 0, ,of
the nacelle 100 may be greater than a diffuse angle (not
shown) of the conventional nacelle 500.

The contraction ratio CR 1s defined the square of a ratio
between the hjghlight radius R, and the throat radius R,
(1.e., CR= (Rh /R ,)*). In some embodiments, the Centraetlen
ratle CR 1s from about 1.15 to abeut 1.28 (i.e.,
1.15=CR<1.28).

The aspect ratio AR 1s defined as a ratio of a difference
between the highlight R, . radius and the throat radius R, and
the lip length L, , (1.e., AR=(R,,-R;)/L;, ). In some embodi-
ments, the aspect ratio AR 1s from about 2 to about 3 (1.¢.,
2=AR=3).

In some embodiments, a ratio between the intake length
L. and the lighlight radius R, 1s about 0.7 (.e., L,/
R, =0.7). Such a value of the ratio between the intake length
L. and the highlight radius R, may correspond to shorter
nacelles used 1n large podded engine.

The nacelle 100 the short intake design may be suitable

for use as an underwing-podded nacelle of an aircraft. It
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should be noted that the present disclosure does not limit the
nacelle 100 to be 1n an underwing-podded configuration.
The present disclosure also does not limit the type of gas
turbine engine used with the nacelle 100.

Further, the contraction ratio CR, the aspect ratio AR and
the diffuser angle 0, of the nacelle 100 may be optimized
for controlling various parameters, such as peak Mach
number, shock strength, boundary layer growth, and local
flow accelerations and decelerations. An effect of a fan on
Mach number and flow diffusion may also be considered
while optimizing the aforementioned design parameters of
the nacelle 100.

It will be understood that the invention 1s not limited to
the embodiments above described and various modifications
and improvements can be made without departing from the
concepts described herein. Except where mutually exclu-
sive, any of the features may be employed separately or 1in
combination with any other features and the disclosure
extends to and includes all combinations and sub-combina-
tions of one or more features described herein.

We claim:
1. A nacelle for a gas turbine engine, the nacelle com-
prising:
a longitudinal center line along 1ts length; and
an air intake disposed at an upstream end of the nacelle,
the air intake comprising, 1n tlow series, an intake lip,
a throat, and a diffuser,
wherein the diffuser comprises a diftuser angle (6 )
indicative of a degree of divergence of the diffuser
relative to the longitudinal center line, and wherein the
diffuser angle (0 ;4 1s from 0.1 degrees to 12 degrees,
wherein the intake lip comprises a highlight at a leading
edge of the nacelle, the highlight comprising a high-
light radius (R, ), the throat comprising a throat radius
(R,,) the highlight radius being a radius of the highlight
along a scarf line, and the throat radius being a radius
of the throat along the scarf line, wherein a contraction
ratio is defined as the square of a ratio (R,/R,)”
between the highlight radius (R, ;) and the throat radius
(R,,), and wherein the contraction ratio 1s from 1.15 to
1.28,
wherein the air intake comprises an intake length (L, )
defined axially along the longitudinal center line
between the leading edge of the nacelle and a down-
stream end of the diffuser, and wherein a ratio (L, /R, )
between the intake length (L, ) and the highlight radius
(R,.) 1s 0.7, and
wherein the intake lip turther comprises a lip length (L)
between the leading edge of the nacelle and the throat,
wherein an aspect ratio 1s defined as a ratio (R, .-R,, )/

L;,)) ot a difference between the highlight radius (R,
and the throat radius (R, ) and the lip length (L, ), and
wherein the aspect ratio 1s from 2 to 3.
2. The nacelle of claim 1, wherein the highlight comprises
a crown and a keel spaced circumierentially apart by 180
degrees relative to the longitudinal centre line.
3. The nacelle of claim 2, wherein the scart line 1s defined
as a straight line between the crown and the keel, and
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wherein the highlight radius (R, ) 1s defined as a distance
between a midpoint of the scart line and one of the crown
and the keel measured along the scart line.

4. The nacelle of claim 3, wherein the throat radius (R ;)
1s defined as a distance between the midpoint of the scarf
line and the throat measured along the scart line.

5. The nacelle of claim 3, wherein the intake length (L, )
1s defined as an axial distance between the midpoint of the
scarl line and the downstream end of the diffuser.

6. The nacelle of claim 3, wherein the lip length (L)) 1s
defined as an axial distance between the keel and the throat.

7. The nacelle of claim 1, wherein a diffuser line 1s defined
between the throat and the downstream end of the diffuser,
and wherein the diftuser angle (0,,) 1s defined as an angle
between the diffuser line and the longitudinal center line.

8. The nacelle of claim 1, wherein the intake lip further
comprises an outer surface and an inner surface, the high-
light forming an annular boundary between the outer surface
and the mnner surface.

9. The nacelle of claim 1, wherein the diftuser angle (6  -)
1s greater than 7 degrees.

10. A gas turbine engine for an aircraft, the gas turbine
engine comprising a nacelle, the nacelle comprising:

a longitudinal center line along 1its length; and

an air intake disposed at an upstream end of the nacelle,

the air intake comprising, 1n flow series, an intake lip,

a throat, and a diffuser,
wherein the diffuser comprises a diffuser angle (0, 4)
indicative of a degree of divergence of the diffuser
relative to the longitudinal center line, and wherein the
diffuser angle (0 ,4) 1s from 0.1 degrees to 12 degrees,
wherein the intake lip comprises a highlight at a leading
edge of the nacelle, the highlight comprising a high-
light radius (R, ), the throat comprising a throat radius

(R,,), the highlight radius being a radius of the high-

light along a scarf line, and the throat radius being a

radius of the throat along the scarf line, wherein a

contraction ratio 1s defined as the square of a ratio

(R, /R .)* between the highlight radius (R,,) and the

throat radius (R, ), and wherein the contraction ratio 1s

from 1.15 to 1.28,
wherein the air intake comprises an intake length (L, )

defined axially along the longitudinal center line

between the leading edge of the nacelle and a down-
stream end of the difluser, and wherein a ratio (L, /R, )
between the intake length (L., ) and the highlight radius

(R,.) 1s 0.7, and
wherein the intake lip further comprises a lip length (L)

between the leading edge of the nacelle and the throat,

wherein an aspect ratio 1s defined as a ratio (R, -R; )/
L,,)) of a difference between the highlight radius (R,,)

and the throat radius (R ;) and the lip length (L,, ), and
wherein the aspect ratio 1s from 2 to 3.
11. The gas turbine engine of claim 10, further comprising
a fan recerved 1n the nacelle.
12. The gas turbine of claim 10, further comprising an
engine core recerved within the nacelle.

lip
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